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Description 
Summary 



~ _ — , - — • '™ me ^ M 01 ,hsm ma 

pharmaceutical compositions containing them. 



* S5» - "»r? SS^KSS S « -S *«- * «« s " bwM ""SETS. 

dJSe activity etc m *« « ^ «.pto. «*W» «• 8nd ,hey "* ' 

hypertension, myocardiac ischemia etc. compounds which bind weakly to receptor sub- 

^235^£» — posilion carbon alom is rep,aced bv * are knoW " 

The following application is ( , e . EP 51284), the following compounds are disc.osed as 

In the specification of Japanese Kokai no. o, 
an agent for anti-platelets aggregation. .. 

I e. 7-thiaprostaglandin derivat.ves of the formula (A). 
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^ h 1a is — — *' - <*— — ' " ,- * - * 

R2A i S hydrogen atom or methyl, 

SSSv.»^--'*' 

voluntary ratio ). 

■ , la0 aneseKokaiNo 58- 1 48857. the following compounds are disclosed as an agent for ant,- 
» specification ol Japanese KOKai ino. 
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(B) 



(wherein rib is hydrogen alom or C1 -10 aikui » 

R T q ;^ 0Xy9ena,0m0,hydr0X V CT)hydrOCarb0nSi, y ,0 -9-Pcapab,e,o,orrnace te , 
IS C3 C8 alk >" or 5-6 membered alicyclic ring ). 

In the specification of Japanese Kokai No 58-1105fi? it ie w . 
con trolhng vascutar action. N °' 58 11 ° 562 ' rt ls **— M the fol.owing compounds are useful for 

I.e. 7-th.aprostaglandin derivatives of the formula (C): 
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OR 5C * n 



(wherein G is -COOR*c - CO NR9Crioc or _ CH ORllc 
wherein R8C is hydrogen a[(m ° ™ 2 °™ > 

b« I « ST' T* 1 ° r e " ,^n, " ° pll °™"* »««««• 

Disclosure of the Invention 

The present invention provides 
(1) a 3.7-dilhiaprostanoic acid derivative of the formula (I): 
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(wherein Ri is hydroxy. C1-4 alkoxy or a group of the formula: 



-NR 6 R 7 



75 



20 



wherein R* and R 7 , independent*, are hydrogen atom or C1-4 alkyl, 
R 2 is hydrogen atom or hydroxy, 
R 3 is 

(i) C1-8 alkyl. C2-8 alkenyl or C2-8 alkynyl, 
hydrogen atom; 

,„ _ CM *»» -P— * - — —> ' — — W 9,OWS " ^ 
30 TS* A CI -4 alkyl * * - « ~» — ** "* 9W 

^& ft c«.W.«^*»-^ — ^^^^^^^ 

„ -riT«^« * * " " R ° means p,ope " vl - buMnv '' p,n '" ,l ' hew '' 
^isar^^S^ » - - * — c,elopen ' y '' * 

40 clohexyl, cycloheptyl. 

In this specification the symbol: 



" indicates a doub.e or single bond, un.ess otherwise specified, the tapered line: 

50 indicates that the substituent attache* thereto is in front of the sheet, the symbol: 

\ 

" indicates that the substituent attached thereto is behind the sheet, the symbol: 
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5 or 
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is 



\ 

ZEES r h :e S , UbS,ilUen ' a,taCh6d ,hefe, ° fe 3 ° f h * - the shea, or may be in fron, o, 

erated by the existence of asymmetric carbonise e a in h»nnhJr Z IT ,nc ™ E ' 2 and EZ m, *«i"es. Isomers gen- 

- Che .o,™„ (I) ™ an mW „„ „ 8«« m po„,Z d ;lL^CoL am *™* The^e, " , °" """"""^ 
Among the compounds of the present invention of the formula tl\ nmimmri ™ m 
examples, the following compounds and conwpond^^lSS^ ' M ^ 
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Salts 



, nn saWs Non-toxic and water-soluble 
*a»s rted into tne corresponding salts, no 

sansolpharmaceutcallyaccep 
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Cyctedextrinctethratee 
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herein all symbols are th e „ 




(wherein Rio js C1 

an em yme . * ^ and »» Cher symbols are ,he sam. 
Hydrolysis with an enzvm* i t meaf1,n9 as "erer*. 



ma V be carried out i 
»e presence or at 

^'^a (( , compoundsofformu(a((c) 



e 'ore defined.) 



f 2 ) Among the compounds of 



'•^/ng an ester cSwng 




(wherein all symbols ar etho 
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COOH 



(la) 



10 



(wherein all symbols are the same meaning as hereinbefore defined.) 
with a compound of formula (III): 



15 



20 



HNR 6 R 7 



(III) 



(wherein all symbols are the same meaning as hereinbefore defined.). 

Amidation is known reaction, for example, in an inert organic solvent (tetrahydrofuran (THF). methylene ch o- 
ride benzene acetone, acetonitrile or a mixture thereol etc.). in the presence or absence of tertiary amine (dtmeth- 
ylaminopyridine, pyridine, triethylamine etc.). using a condensing agent (1-ethyl-3-[3-(dimethylamino)propyl]car- 
bodiimide (EDC), 1 ,3-dicyclohexylcarbodiimide (DCC) etc.), at 0-50 °C. 

(3) Among the compounds of the formula (I), compounds of the formula (lb): 



25 



30 




(lb) 
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35 



(wherein all symbols are the same meaning as hereinbefore defined.) 
may be prepared by hydrotyzing a compound of formula (II): 
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XOOR 
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(wherein R*> is hydrogen atom or hydroxy protected by a protecting group which is eliminated under an acidic 
condition R20 is apro^tinggroupwhichlseliminatedunderanac^ 

or C2-8 alkynyl. (ii) phenyl or C3-7 cycloalkyl, (iii) C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl which are substituted 
bv Phenyl or C3-7 cycloalkyl (with the proviso that when tf* is hydrogen, alkyl, alkenyl and alkynyl groups in (I) 
or (iii) may be substituted by hydroxy protected by a protecting group which is eliminated under an acidic condition); 
the symbol: 
is a double or single bond) 
in an acidic condition. 

A protecting group which is eliminated under an acidic condition means, tor example, t-butyldimethylsilyl. triphe- 
ss nylsilyl, triphenylmelhyl, tetrahydropyranyl, 1-ethoxyelhyl. methoxymethyl, trimethylsilyl , etc. 

Hydrolysis under an acidic condition is known, for example, in a water-miscible organic solvent (THF, methanol, 
ethanol dimethoxyethane. acetonitrile or a mixture thereot etc.).using inorgante acid (hydrochloric acd, phosphoric 
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fuenesulphonic acid, 



The compound of the formula (II) may be prepared by the following reaction scheme (A) in the next sheet 
Symbols in reaction scheme are the same meaning as hereinbefore defined. 
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Scheme (A) 



Bu2SnO 



Br XOOR 
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(VII) 
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H 2 0 2 /OK 



ho 

OR 
(VIII) 



HS^^v^S^COOR 10 
(VI) 



alumina 



r OX) 
OR 20 



J 2 a PQ 



t-BuLi 



Cu(CN)Li 



° 



OR 20 R 2a CO 



45 



In each reaction in this specification products may be purified by conventional manner « 
carried out by distillation under atmospheric or reduced pressure high S^ce iSl! T^?' " ™ V * 
chromatography or column chromatography using silica gel or ^ ^ 

fication may be carried out after each reaction, or after a series ™ re! Sons ' ' reCfysta,hzat,on Pu - 

50 Starting Materials and Reagents 

Starting materials and reagents are known per se or may be prepared by known methods. 
Properties of the Compound of the Invention 

55 

PGEl?eceZ° UndS * *" PreSen ' inVemi ° n °' *" ^ W bW " d 3Ct ° n EP4 rece " tor which is " of 
In a standard laboratory test, the activities of the compounds of the present invention were confirmed by binding 
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5 S|S3Sr-~^r^--^ # 

do ^ar e9enefa J a b ^ra tj on, a ^ * «" «* or pa^, 

A s mentioned ^ mes Per dav or ~ . a ' ,lme s per dau Ju person Per 

So 'idcompo2ton , n a ' adm/nis, «''on. as toL, ' nVen,io ". » h£L ,. ^ h **" 

" 38 CS^^^e,,^^ d ' Spe ^Pow d er S ,ta^ , ^[""^Z* 

^ercomposir/on , ,Ved s.enle "aterorsorneS r bemanuf ^ure^' h 9 "^'W 
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he solvents used are by 



volume in chromatographic 

Relerence Example 1 

2i 2-dibulyl-2-stanane-1,3-dithiane 



10 



20 



25 



m*t ,30o, and oWI .tane.no o«e,6 9 9) in benzene we re.ee.ed. The «e» 
TLC : Rf 0 68 (hexane:EtOAc=9:1). 

Reference Example 2 

6-Mercapto-3-thiahexanoic acid methyl ester 



,COOMe 



hhpH to a solution of 2,2-dibutyl-2-stanane-1 ,3-dithiane (9.38 g) in 
Bromoacetic acfci methy. ester (6.36 £ 3 l» at 1 00 »C. After cooling water was 

anhydrous dimethylformamide (DMF 20 ml). Th ° ^"J*^, reaction mixture was extracted with ethyl acetate^ 
25 to the reaction Th esidue was purified by column chromatography on s.hca 

30 ^£^=2^2^^ .havingthefoHowingphysicafdata. 
TLC : Rf 0.60 (hexane:EtOAc=4:1). 
Relerence Example 3 

3S , 9-vh-3 7-dithiaheptanoic acid methyl ester 

7 . ( 4R-t*utyldimethylsilyloxycyclopentenon-2-yl)3.7-a«n«a P 
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COOMe 



OTBS 

4R , bu ty,dimethy,^^ 
hydroperoxide (31%. 5 ml) and a 1 N aq. solutioi^rf s^^wr^ydracrae^. chio^e was added to . ® [ ea< ^*°^ 

wass«r.edfor1.5hrsatthe same temperature. Saturate ^^evaporatedThe residue ^d«wl»ed 
mLreandmemixtu.ewasex^^ eslef } in cnloroform (10 m.) and 

r C htoroform (35 ml). A solution of 6-merca f^^^^ overnight at room temperature. The reaction 
rcttalum^ 

TLC : Rf 0.39 (hexane:EtOAc=4:1). 
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Under an atmosphere of «mr.n 1 , . 



25 Example 1 



1 1 a. 1 5a-dihydroxy-9-oxo-3,7-dithiaprost- 1 3E-. 



enoic acid methyl ester 
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40 



45 



tography on silica n^h 7 V 33 Washed ' dried an ^ evaporated TherfL 6 m ' X,ure extracted 

TLC: Rf 0.5S (CHCI3:CH30H =191) 
NMR : 8 5.73 (1 H, dd). 5.63 (1 H. dd), 4 44 and 4 1 4 row 

1-98-1-20 (10H. m). 0.90 (3H. ,). * ^ 413 (2H ' each "4 3-74 (3H, s), 3.23 ( 2H> s), 3.40-2,8 (8H. m), 



50 Example 2 



11a.15a.dihydroxy-9-oxo-3. 7 -dithiaprosM3E-enoicacid 



£5 
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COOH 



OH 



OH 



Phosphate buffer (10 ml; pH 7.4) was added to a solution of Ha.lSa-dihydroxy-goxo-ay-dithiaprost-ISE-enoic 
acid methyl ester (48 mg; prepared in Example 1 ) in ethanol (1 ml). Pig liver esterase was added to the reaction mixture. 
The mixture was stirred for 2 hrs at room temperature. A saturated aq. solution ol ammonium sulfate was added to the 
mixture. The mixture was extracted by ethyl acetate. The organic layer was dried, evaporated. The residue was purified 
by column chromatography on silica gel (ethyl acetate) to give the title compound (39 mg; an equilibrium mixture with 
8-epi isomer) having the following physical data. 

TLC:Rf0.10(EtOAc); 

NMR : 8 5.79 (1H, dd), 5.64 (1H, dd). 4.3-4.1 (2H, m), 3.7 (1H. bs), 3.23 (2H, s), 3.0-2.4 (8H m), 2 0-1 8 (2H m) 
1 .7-1 .5 (2H, m). 1.4-1.2 (6H, m), 1 .0-0.8 (3H, m). ' 

Example 2(a)-2(u) 

Compounds having the following physical data were given by the same manner in Reference Example 4, Example 
1 and 2. These compounds are equibulium mixtures with 8-epi isomers. 



TLC : Rf 0.50, 0.44 (CHCI3:CH30H=9:1, 1% acetic acid); 

NMR : 5 5.75(2H, m), 5.06(3H, br), 4.53-4.05(2H, m), 3.42-2.18(8H, m), 3.23(2H, s), 1 88(2H m) 1 58(2H 
1.42-1.03(7H,m), 0.91(6H, m) c ' 



Example 2(a) 



Ha^Sa-dihydroxy-g-oxo-Up^O-dimethyl-SJ-dithiaprost-ISE-enoic acid 




Example 2(b) 



11a,15a-dihydroxy-9-oxo-17ct l 20-dimethyl-3,7-dithiaprost-13E-enoic acid 




OH 



OH 



TLC : Rf 0.38, 0.22 (EtOAc:AcOH= 100:1); 

NMR : 5 5.74 (1H, dd), 5.67 (1H, dd), 4.77 (3H, br), 4.45 and 4.20(2H, each m), 3 23 (2H s) 3 42-2 18 
1 .88 (2H, m), 1 .62-1 .04 (9H, m), 0.89 (6H. m). 
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Example 2(c) 



1 1 a, 1 6p-dihydroxy-9-oxo-1 6a-methyl-3,7-dithiaprost-1 3E-enoic acid 

5 



10 




TLC : Rf 0.30, 0.23 (EtOAc:hexane:AcOH=6:2:1); 

NMR : 5 5.9-5.7 (1H, m), 5.7-5.5 (1H, m), 4.5 and 4.1(1 H, each m), 4.1-3.7 (3H, br), 3.55-3.45 and 3.2-2.2 (10H, 
is each m), 3.24 (2H. s). 2.0-1.8 (2H, m), 1.6-1.1 (6H, m) t 1.23 (3H, s), 0.93 (3H. t). 

Example 2(d) 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithiaprostanoic acid 

20 



25 




30 TLC : Rf 0.30 (EtOAc:AcOH=100:1); 

NMR: 8 5.25 (3H. br), 4.32 and 4.15(1H, each m), 3.72 (1H, m), 3.23 (2H, s), 3.38-2.38 (7H : m), 2.24 (1H, m), 
2.08-1.12 (14H, m), 0.90 (3H, t). 

Example 2(e) 

35 

1 1 a, 1 5a-dihydroxy-9-oxo3,7-dithiaprost-1 3E, 1 72-dienoic acid 



40 




TLC : Rf 0.52, 0.41 (EtOAc:AcOH=20:1); 

NMR : 5 5.9-5.5 (3H, m), 5.5-5.2 (1 H, m), 4.6-4.2 (5H, br), 3.24 (2H, s), 3.45-3.40 and 3. 1 -2.2 (8H, each m), 2.2-2.0 
(2H, m), 2.0-1.8 (2H, m), 0.97 (3H, t). 

so 

Example 2(f) 

11 a,15a-dihydroxy-9-oxo-16-phenyl-1 7,18,1 9,20-tetranor-3,7-dithiaprost-13E-enoic acid 

55 
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XOOH 




10 i C R Zm^SS^ <2H. my. 4.56-3,0 (7H. m). 3 21 (2H. s). 3,0-2.26 0 0H. m). 1 87 (2H. q uin, 

Example 2(g) 



is Ha,15a-dihydroxy 



-9-ox^17^henyM8,19.20-trinor-3J-dithiaprost-13E-enoic acid 



20 



25 




OH 



OH 



and 3.05-2.20 (10H, each m). 2.0-1 .8 (4H, m). 



30 Example 2(h) 



11c05a-dihydroxy 



-9-oxc-15-cyclohexyl-^ 
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XOOH 
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1 C R 1. a ^ffl^St»'5^ - - "H. * » OH. ... UK» ,SH. ™, 
3.23 (2H. s), 1.98-1.56 (7H. m). 1 .54-0.85 (6H, m). 



Example 2(i) 

11 a, 1 5a-dihydroxy-9-oxo-1 



5-cyclopentyl-3J-dith»a-16,17,18.19,20-pentanorprost-13E-enoicacid 




COOH 



HO 



OH 
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TLC : Rf 0.27 (CHCI3/Meq^^) ; 



NMR . 5 5.86-5.48 (2H. mjW.20 (6H, m). 3.15 (2H. s), 3.08-1 



Example 2(j) 

1 1 a, 1 5a-dihydroxy-9-oxol6-cyclohexyl-3,7-dithia-1 7, 18 1 



00(18H. rn). 



9.20-tetranorprost-13E-enoic acid 



w 



15 



^COOH 




TLC Rf : 0.22 (AcOEt/AcOH, 50/1) 
^ NMR : 5 5.90-5.52 (2H, m), 5.04-4.40 (3H. br), 4.40-3.92 



25 



my 

Example 2(k) 

11a,15a-dihydroxy-9-oxo-15P-methyl-3,7-djthia P rosM3E-enoicacid 



OH, m), 3.22 (2H, s), 3.12-2.24 (7H, m), 2.24-0.70 (15H, 
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35 



40 




TLC : Rf 0.27 (AcOEt/AcOH, 50/1)- 
NMR: 5 5.84-5.46 (2H,m), 5.36-4.70 (3H br) 4 47-3 98 (9H m ^ qic,,^ 
"ft 1.60-1.40 (2H. m), 1.32-1,0 m^MW. ^ W S) ' ^ m >' 

Example 2(l) 



72 (2H, 



1 1 a, 1 5a-dihydroxy-9-oxo-1 7-ethyl-3,7-dithia-20-norprost-1 3E- 

O 



enoic acid 



45 



50 



55 



^COOH 




TLC : Rf 0.49, 0.38 (EtOAc/AcOH. 201)- 

NMR: 5 5.9-5.6 (2H.ni), 5.6-5.0 (3H, br)' 4.6-4 0 (2H m) 3 23f?H «i o^o.n 

m). 1-6-1.2 (7H, m), 0.83 (6H, t, J = 7 Hz). ( ' S) ' 3 - 45 * 3 40 and 3 A ' 2 2 < 8H - m). 2.0-1.8 (2H, 



Hz). 
Example 2(m) 

11a,15a-dihydroxy-9-oxo-3,7-dithia-20-nor P rosl-13E-enoicacid 



32 




TLC : Rf 0.47, 0.37 (EtOAc/AcOH, 20: 1 ); 

NMR: 5 5.85-5.60 (2H, m), 5.6-5.2 (3H, br), 4.5-4.4 and 4.25-4.05 (2H, m), 3.23 (2H,s), 3.45-3 40 and 3 1-2 2 (8H 
m), 2.0-1 .8 (2H, m), 1 .7-1 .2 <6H. m), 0.92 (3H, t, J=7Hz). 

Example 2(n) 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithia-20-homoprost-1 3E-enoic acid 




TLC : Rf 0.58, 0.46 (EtOAc/AcOH. 10/1 ); 

NMR: 65.71 (2H, m), 5.38 (3H, br), 4.45 and 4.17 (2H, each m), 3.42 and 3.03 (1 H, each d, J=6.6 and 11 Hz), 3.23 
(2H, s). 2.98-2.20 (7H, m), 1.88 (2H. m), 1.54 (2H,m), 1.48-1.15 (8H, m), 0.89 (3H, t, J=6.4Hz). 

Example 2(o) 

na.lSa-dihydroxy-Q-oxoiep-methyl-SJ-dithiaprosMSE-enoic acid 




TLC : Rf 0.53, 0.42 (EtOAc/AcOH, 20:1); 

NMR : 6 5.85-5.60 (2H, m), 4.5-4.4 and 4.2-4.0 (2H, m), 4.6-3.8 (3H, br), 3.22 (2H, s), 3.45-3.40 and 3 1-2 2 (8H 
m), 2.0-1 .8 (2H, m), 1 .7-1.1 (7H, m). 1 .0-0.8 (6H, m). 

Example 2(p) 

1 1 a, 1 5a-dihydroxy-9-oxo3,7-dithiaprost-1 3E, 1 9-dienoic acid 
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TLC : Rf 0.62, 0.56 (EtOAc/AcOH. 20/1); 

NMR: 8 5.88-5.48 (6H, m), 5.00 (2H, m), 4.42 and 4.15 (2H, each m), 3.40 and 3.02 (1H, each d, J=6.6 and 
J=11Hz), 3.22 (2H. s), 3.06-2.28 (7H, m), 2.08 (2H, m), 1.86 (2H, m), 1.52 (4H, m). 

Example 2(q) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 9,20-methano-3,7-dithiaprost-1 3E-enoic acid 




TLC : Rf 0.37, 0.19 (EtOAc/AcOH, 20/1); 

NMP : 8 5.74 (5H, m), 4.44 and 4.1 5 (2H, each m), 3.41 and 3.02 (1 H, each d, J=6.8Hz and J= 11 Hz), 3.23 (2H, 
s), 2.98-2.19 (7H, m), 1.86 (2H, m), 1.73-1.10 (6H, m), 0.63 (1H, m), 0.40 (2H, m), 0.00 (2H t m). 

Example 2(r) 

11a, 15a-dihydroxy-9-oxo-1 8-methyl-3,7-dithia-20-norprost-1 3E-enoic acid 




TLC : Rf 0.50, 0.27 (EtOAc/AcOH, 20/1); 

NMR : 8 5.68 (5H, m), 4.44 and 4.15 (2H. each m), 3.42 and 3.03 (1H, each d, J=6.6Hz and J= 11Hz), 3.23 (2H, 
s), 2.98-2.20 (7H, m), 1.88 (2H, m), 1.57 (3H, m), 1.23 (2H, m), 0.90 (6H, d, J=6.6Hz). 

Example 2(s) 

1 1 a, 15a-dihydroxy-9-oxo-1 6a-methyl-3,7-dithiaprost-1 3E-enoic acid 
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TLC : Rf 0.49, 0.39 (EtOAc/AcOH, 20:1); 

NMR : 5 5.9-5.6 (2H, m), 4.5-4.4 and 4.3-4.0 (2H, m), 4.7-3.9 (3H, br), 3.23 (2H, s), 3.45-3 40 and 2 9-2 2 (BH 
2.0-1 .8 (2H, m), 1 .7-1 .0 (7H, m), 1 .0-0.8 (6H. m). 

Example 2(t) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 6-cyclopentyl-3,7-dithia-1 7, 1 8, 1 9,20-tetranorprosM 3E-enoic acid 



O 




TLC : Rf 0.53, 0.37 (EtOAc/AcOH, 20/1 ); 

NMR : 5 5.76 (5H, m), 4.44 and 4.18 (2H, each m), 3.42 and 3.03 (1H, each d, J=6.8Hz and J=11Hz) 3 23 (2H 
s), 2.96-2.20 (7H, m), 2.01-1.38 (11H, m), 1.13 (2H, m). 

Example 2(u) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 6a-methy 1-1 6-phenyl-3,7-dithia-20-norprost-1 3E-enoic acid 



O 




TLC : Rf 0.42, 0.32 (EtOAc/Hex/AcOH, 15:5:1); 

NMR : 5 7.4-7.2 (m, 5H), 5.71 (dd, J=15, 6Hz, 1H), 5.64 (dd, J=15, 8Hz, 1H), 4.35 (t, J=6Hz, 1H), 4.35 (t J=6Hz 
1H), 3.95 (q, J=8Hz. 1H), 3.22 (s, 2H), 3.35-3.3 and 3.0-2.3 (m, 9H), 3.2-2.5 (br), 2.0-1.8 (m, 2H) 1 38 (6 J=6Hz' 
3H). . 

Formulatbn Example 

The following components were admixed in conventional method and dried. Macrocrystalline cellulose was added 
to the mixture to obtain the total weight 10 g. The resulting mixture was mixed sufficiently to make it homogeneous 
and then tabletled in conventional manner to give 100 tablets each containing 30 pg of the active ingredient. 

. a solution of 11a,15a-dihydroxy-9-oxo-3,7-dithiaprost-13E-enoic acid (3 mg) in ethanol 10 ml 
magnesium stearate 100 mg 
silicon dioxide 20 mg 
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talc 10 mg 
carboxymethylcellulose calcium 
macrocrystalline cellulose 5.0 g 



Claims 

1 . A 3,7-dithiaprostanoic acid derivative of the formula (I): 

O 

S^^COR 1 
0) 



(wherein R 1 is hydroxy, C1 -4 alkoxy or a group of the formula: 

-NR 6 R 7 

wherein R 6 and R 7 . independently, are hydrogen atom or C1-4 alkyl, 

R 2 is hydrogen atom or hydroxy, 

R 3 is 

(i) C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl, 

(ii) phenyl or C3-7 cycloalkyl, 

(iii) C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by phenyl or C3-7 cycloalkyl, 

with the proviso that, alkyl, alkenyl, alkynyl in (i) or (iii) may be substituted by one hydroxy group, when R 2 is 
hydrogen atom; 

the symbol ™ is a double or single bond; 

the formula including the 8-epi equilibrium compound thereof); 

a non-toxic salt thereof or a cyclodextrin clathrate thereof. 

2. A compound according to claim 1 , wherein R 3 is C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl. 

3. A compound according to claim 1 , wherein R 3 is phenyl or C3-7-cycloalkyl. 

4. A compound according to claim 1, wherein R 3 is C1 -8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by phenyl. 

5. A compound according to claim 1, wherein R 3 is C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by C3-7 
cycloalkyl. 

6. A compound according to claim 2, which is 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithiaprost-1 3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7p,20-dimethyl-3,7-dithiaprost-1 3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7a,20-dimethyl-3,7-dithiaprost-1 3E-enoic acid, 

11a,16p-dihydroxy-9-oxo-16a-methyl-3,7-dithiaprost-13E-enoic acid, 

11 a,15a-dihydroxy-9-oxo-3,7-dithiaprostanoic acid, 

11a,15a-dihydroxy-9-oxo-3,7-dithiaprost-1 3E,17Z-dienoic acid 

1 1 a, 1 5a-dihydroxy-9-oxo-1 5|3-methyl-3,7-dithiaprost-1 3E-enoic acid, 

11a,15a-dihydroxy-9-oxo-17-ethyl-3,7-dithia-20-norprost-13E-enoic acid. 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithia-20-norprosM 3E-enoic acid, 

11a,15a-dihydroxy-9-oxo-3,7-dithia-20-homoprosl-1 3E-enoic acid, 



EP 0 855 389 A2 



200 mg 
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7. A compound according to claim 3, which is 

or methyl ester thereof. ^ * 3,7 d,th,a - 16 ' 17 ' 18 ' 19 -20-pentanorprost-l3E-enoic Jcld 

8. A compound according to claim 4. which is 

H osi i jt enoic acid or methyl ester there- 



to 



9. A compound according to claim 5, which is 



30 
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R 
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5 




10 



75 




COOH 



(la) 



20 



25 



(wherein all symbols are the same meaning as defined in Cairn 1) 
with a compound of the formula (III): 



HNR 6 R 7 



(III) 



wherein all symbols are the same 



meaning as defined in claim 1). 



30 12. A process 



lor the preparation of a compound of the formula (lb): 




40 



45 



50 



55 



COOR 
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condition); 
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the symbol: 



EP 0 855 389 A2 



is a double or single bond); 
in an acidic condition. 

13. A pharmaceutical composition which comprises, as active ingredient, a compound of the formula (I) depicted in 
claim 1 or cyclodextrin clathrate thereof or non-toxic salt thereof, with a pharmaceutical carrier or coating. 

14. A compound of the formula (I) depicted in claim 11 or cyclodextrin clathrate thereof or non-toxic salt thereof with 
a pharmaceutical carrier or coating for use in a method for the prevention and/or treatment of immunologic diseases 
(autoimmune diseases, immunological deficiency disease, organ transplantation), asthma, abnormal bone forma- 
tion, neuronal cell death, liver damage, nephritis, hypertension or myocardiac ischemia. 
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